A follow-up was carried out on 21,579 male mass radiography volunteers aged at least 40 who had been the subject of an earlier investigation in which their smoking habits and sputum production were recorded and the prevalence of lung cancer was determined after chest x-ray examination. During the follow-up period, which was a minimum of 36 months and a maximum of 56 months, 64 new cases of lung cancer were identified by cross checking records with the registers of the regional cancer registration bureau. A significantly higher incidence of lung cancer was found in those with chronic bronchitis than in those without this disease. In the smoking categories, cigarette smokers with chronic bronchitis had a higher incidence than those without it, and this relationship was maintained irrespective of age and amount smoked. It is concluded that persons who smoke run a higher risk of chronic bronchitis than non-smokers and those who develop bronchitis run a higher risk of developing lung cancer.
Introduction
An earlier article (Rimington, 1968a (Rimington, ) described how, during 1964 (Rimington, and 1965 , the smoking habits and sputum histories of 21,579 male mass radiography examinees were taken before x-ray examination, the object being to find and compare the lung cancer rates of those reporting and of those not reporting sputum on most days for at least five years.
Some details of the article will provide continuity with the present study:
The examinees, who came from the part of Cheshire within the Manchester Hospital Region, were volunteers, either from industry or general public and were aged at least 40. Their smoking habits were similar to those found in a nationwide study by Todd (1966) except for a moderate bias to pipe smokers and non-smokers. Twelve per cent. (2,716) reported sputum on most days for at least five years and there was a marked gradient in the percentage reporting this with increasing cigarette consumption. Thirty-three lung cancers were found, all in past or present smokers. Irrespective of the smoking category, the rates of lung cancer were much higher in those reporting than in those not reporting daily sputum St. Thomas' Hospital, Stockport SK3 8BL J. RIMINGTON, M.D., Medical Director, Mass Radiography ServiceSouthern Division, Manchester Regional Hospital Board for a minimum of five years. Cigarette smokers in these two groups had rates of 509 and 1 30/1,000 respectively, and this difference was found to be statistically significant (P<0 01). A similar relationship was maintained irrespective of the amount smoked. Moreover, the lung cancer rates for histologically proved cancers maintained the same relationship. It was considered that the data were reliable and that the selection of a minimum period of five years for the duration of the sputum production made it unlikely that lung cancer could be the cause of the sputum. Furthermore, it was shown later (Rimington, 1968b) that differences in the age distribution of the volunteers did not account for the differences in prevalence of lung cancer between those reporting and those not reporting daily sputum for a minimum of five years.
It was concluded that the study, taken in conjunction with evidence of other investigations using data derived by different selective processes, confirmed a positive association between chronic bronchitis, as defined on the basis of persistent sputum production for a number of years in the absence of other causative disease, and lung cancer.
The present article gives the results of a follow-up of the original volunteers with particular regard to the lung cancer incidence among those with and those without chronic bronchitis.
Methods
The identification of new cases of lung cancer arising in the volunteers during the years subsequent to the initial examinations was made possible by the co-operation of the director and staff of the Manchester Regional Cancer Registration Bureau. Cases of malignancy are reported to the bureau by doctors and hospital authorities and, in addition, by the General Register Office when a death certificate refers to malignant disease and the deceased lived in the Manchester Regional Hospital Board's area. So far as the latter category is concerned, the bureau obtains more detailed information from local sources and registers such cases under the year in which the disease was first brought to light.
The volunteers' records were checked against each year's registrations from 1964 to, and including, 1968 . The minimum and maximum period of follow-up was 36 and 56 months respectively. A year's registrations were not checked until at least 18 months had passed after the end of the particular year, and this delay meant that most of the late notifications via the General Register Office had been included on the registers because lung cancer, in the absence of treatment, is usually fatal within that period.
Results
In all, 64 new cases of lung cancer were found, and their distribution is given in the Table. As regards the actual incidence of the disease, it will be noted that it is negligible for nonsmokers, moderate for ex-smokers and pipe-smokers, but greater for cigarette smokers, rising with increased consumption.
The lung cancer incidence is higher in those with chronic bronchitis (5-89/1,000) than in those without this condition (2-54/1,000), the difference being highly significant statistically (P < 0-01). Cigarette smokers with chronic bronchitis have almost twice the incidence (7-12/ 1,000) of cigarette smokers without bronchitis (3-61/ 1,000) and this difference is statistically significant but at the conventional level (P <C 0-05 The results for the 39 cases of lung cancer confirmed histologically are not shown here but the relationship of a higher incidence in the chronic bronchitics as compared with the non-bronchitics is maintained.
Discussion
The reliability of the data and the validity of the findings of the original investigation (Rimington, 1968a) Conclusions This study has shown that there is a higher incidence of lung cancer among mass radiography volunteers with chronic bronchitis than among those without this disease. The findings of the original prevalence study (Rimington, 1968a) , that chronic bronchitics who smoke cigarettes run an especially high risk of lung cancer, is confirmed. Another investigation (Rimington, 1969) among a larger group of mass radiography volunteers from whom the volunteers considered here were drawn has shown that those who smoke tobacco, and especially cigarettes, have a significantly greater risk of developing chronic bronchitis than non-smokers. Moreover, the findings suggested that tobacco smoking was of far greater importance than the other factors normally accepted as contributing to the development of chronic bronchitis-for example, air pollution, respiratory infections, dusty work, lower social class, etc.
The position seems to be that persons who smoke cigarettes run a higher risk of chronic bronchitis than non-smokers and those who develop chronic bronchitis run a higher risk of developing Though toxoplasmosis is known to be transmitted in various ways, such as by placental passage, contamination of wounds, and consumption of infected uncooked meat, these new observations indicate that the natural biological cycle involves the swallowing of oocysts and the subsequent development of the parasite in the small intestine.
T. gondii is such a common human parasite that it is obviously important to determine the significance of these stages in the life history of the organism in natural infections in man. Though such infections are usually inapparent and rarely accompanied by disease it is clearly unjustifiable to use human volunteers to observe the reaction of man to the ingestion of oocysts. Accordingly, we fed oocysts to two chimpanzees, animals which are well known to exhibit a response to protozoan parasites similar to that shown by man, particularly if they have been previously splenectomized. Only two chimpanzees were available; it would have been better to have used a larger number but this was impracticable because of the high cost of these animals. Nevertheless, the results obtained suggest the sequence of events which may follow the ingestion of toxoplasma oocysts by man.
Our observations were directed to the following points: (1) clinical response, (2) passage of oocysts, (3) recovery of the organism in blood or tissues, (4) serological reaction, and (5) persistence of cysts in organs of animals after a long period (this work will be the subject of a later note.)
